In the framework of a SUSY SO(10) model a phase is generated for the B − L breaking VEV. Fitting this phase to the observed CP violating K,B decays all other CP breaking effects are uniquely predicted. In particular, the amount of Leptogenesis can be explicitly calculated and found to be in the right range for BAU. CP violation is directly observed only in the decays of the K and B mesons. The present experimental results [1] are consistent at the moment with the standard model (SM). I.e. CP breaking is induced by a phase in the Cabibbo, Kobayashi, Maskawa (CKM) mixing matrix of the quarks. Extensions of the SM using right-handed (RH) neutrinos, that account for the neutrino oscillations involve in general phases which allow for CP violation in the leptonic sector also. This CP breaking is difficult to observe but may be detected as soon as neutrino factories are available. The observation of neutrinoless double beta decays may be also an indication for Majorana phases in the neutrino sector [2] . Spontaneous generation of baryon asymmetry in the universe (BAU) needs CP violation [3] . It is clear now that it requires also extension of the SM. Baryon asymmetry a la Fukugita and Yanagida [4] due to leptogenesis [5] is the most popular and promising theory for the BAU.
In general, the known CP violation in the hadronic sector is not related to the leptonic one. Even the CP breaking needed for the leptogenesis is independent of that in the leptonic sector. Hence, the amount of CP violation in the leptonic sector is in general not predictable. This is the reason why a model with one origin for all CP violations is of special interest. The main immediate test of such a model is to see if the model can account correctly for the amount of leptogenesis needed for the BAU.
The suggestion that one phase in the VEV of a heavy Higgs representation induces all possible CP violations was realized in the Ph.D thesis of Marcus Richter [12] in the framework of SUSY SO (10) . This heavy VEV induces small complex VEVs in the components transforming as SM 2 L 's. Those induced VEV mediate the complex phase into the low energy (LE) hadronic physics. The observed LE CP violation fixes then the high energy phase and allows for explicit calculation of leptogenesis in the model. However, this was not done in the thesis and is the aim of this letter. "A common origin for all CP violations" was suggested recently also by Branco, Parada and Rebelo [13] . They use a non-SUSY SM extended by adding scalar Higgs, leptons and exotic vector-like quarks. The complex phase is generated spontaneously in the VEV of the heavy singlet scalar meson. The connection with the LE CP violation in the hadronic sector is obtained only via mixing with the exotic quarks. They give also no explicit value for the leptogenesis.
The plan of the letter is as follows: I am mainly interested here in the results of putting a phase in the heavy VEV that breaks B − L. It is not relevant for the scope of this letter how the phase is spontaneously generated. This VEV belongs in our model to the Φ 126 Higgs representation, the only heavy Higgs that couples to the fermions. All the parameters which belong to other representations (including the SUSY breaking parameters) are real. The large VEV induces smaller complex VEVs in the components of Φ 126 transforming as 2 L under the SM [14] . Those induced VEVs are the ones which generate CP violations in the LE hadronic as well as the leptonic sectors. The original phase can then be fixed to give the right CKM one. In this way all other phases in the model are given. In particular the amount of leptogenesis will be explicitly calculated and found to have the right sign and magnitude for the BAU.
THE REAL VERSION
The model is a renormalizable SUSY SO(10), i.e. B − L is broken via Φ 126 + Φ 126 while Φ 126 gives mass to the RH neutrinos (without using non-renormalizable contributions). 2 Let us first sketch the results of the real version of the model, giving only the points which are relevant for the discussion of CP violation. The details can be found in Refs. [12] [15] . We use a global horizontal U (1) F (or Z n ) to give the Yukawa matrices an asymmetric Fritzsch texture (NNI [16] )
Under the global U (1) F the fermions and Higgs transform as follows [10] [17]
This will also restrict the contributions from the Higgs representations. E.g. using only one Φ 126
The aim of the model was not to get as many as possible predictions for the known observables but to fix all mixing angles (like the RH ones) in terms of the observables of the SM. The hidden angles play an important role in e.g.
• Proton Decay (involves all mixing matrices separately) • Leptogenesis (fixed by the RH mixing)
• RH squark-mixing contributions to B → ΦK S etc.
We applied two light Φ 10 and Φ 120 and one heavy Φ 126 with the most general set of free parameters allowed by the U (1) F . In addition,
This gives a set of non-linear equations for the charged fermion sector (similar to Eqs. (4)-(13) in the complex case), with six solutions. These solutions fix the variables of the neutrino sector up to two free parameters. Varying those parameters no solutions consistent with the small mixing angles MSW were found. For the large mixing angles MSW, however, five of the solutions are consistent with all the data. Those solutions give definite values to all mass matrices i.e. to all masses and mixing angles including the hidden ones. This allowed us to give explicit predictions for the branching ratios of the proton decay. We found that because of the large neutrino mixing, all channels involving muons are strongly enhanced. In particular Γ(P → e + π • ) ≃ Γ(P → µ + π • ). This is a unique prediction of this model [15] .
ADDING A COMPLEX PHASE
Let the VEV along the SU (5) singlet that breaks B − L and gives mass to the RH neutrino acquire a phase.
This will induce a VEV with a phase 3 in the SM 2 L of Φ 126 : ω u in our notation.
is the only non vanishing SM 2 L , due to the requirement (M e ) 33 = (M d ) 33 . This results in the fact that only M u and M D ν acquire phases. The corresponding equations are as follows
Here, x i ,y i ,z i etc. are Yukawa couplings. υ 
LEPTOGENESIS
Out of equilibrium CP violating decays of RH neutrinos, N i , produce excess of the lepton number δL = 0 . This will induce baryon asymmetry through B + L conserving sphaleron processes [4] [5] [6] . The amount of CP violation in these decays is:
Knowing the details of CP violation in the leptonic sector as well as the RH mixing angles we are in title to calculate explicitly the BAU via leptogenesis.
This is the main test of the model.
Let us denote the Dirac neutrino mass matrix M Dirac ν in the basis where M ν R is real diagonal with positive eigenvalues: M D . In this basis ǫ i can be expressed as follows
and v = 174 × sin β GeV. M ν R is given in eq.(3) for our five solutions and the eigenvalues in Table 1 . 
In this basis, in terms of eq. (1)
This gives the following general results
Due to the degeneracy of N 1 , N 2 the decay of both, contributes to ǫ i . However, eq. (14) avoids the possible singularity in f (x). Hence,
The BAU is given then (in MSSM) as
where g * = 228.75 and d B−L is the dilution factor due to inverse decay washout effect and lepton number violating scattering. It must be obtained by solving the corresponding Boltzmann equation. There are different approximate solutions in the literature. The frequently used approximate solution [18] is good only for
. In our model however, K ≈ 10 −2 . Buchmüller, Di Bari and Plümacher [6] studied recently in detail both cases K > 1 and K < 1. They found that for K < 1 one must take into account thermal correction due to gauge boson and the top quark. Hence, d B−L depends on "initial conditions" and they found that for K ≈ 10 −2 4
Hirsch and King [19] give an empirical approximate solutions for the case K ≪ 1 . The solution corresponding to our model is I will use this expression to have a definite prediction. The results for the five solutions is given in Table 2 . Table 2 . The CP asymmetry ǫ L , the dilution factor d B−L and the Baryon asymmetry Y B for the five solutions. Using the complex neutrino mixing matrix U P M N S (see Appendix) one can predict the amount of CP violation in the neutrino oscillation Table 3 . Im(U P M N S ) 33 -0.00163 -0.00204 -0.0020 -0.00213 -0.0016 Table 5 . The leptonic mixing matrix for the different solutions.
